Introduction
For some time we have had under cultivation a type charac terized by large pollen grains and a high proportion of aborted pol len. These plants were first discovered in the winter of 1926-27 in a segregating pedigree culture derived from seed collected the pre vious fall in Baltimore.
Only a brief note has been published (Blakeslee, 1928) stating that the peculiarity is brought about by a recessive gene which prevents pairing of chromosomes during meio sis. It has been included among the published lists of genes with the designation "bb" which is an abbreviation of the laboratory name "Baltimore Bad", applied to this gene. To avoid alliteration, the abbreviation "bd" is now used. A somewhat detailed description 2* bivalents, all closable, at metaphase I1) in pollen-mother-cells (PMC) (Fig. 1) . A plant which is homozygous for this gene, however, shows a lack of pairing of homologous chro mosomes.
The 24 chromosomes can be seen to be more or less irregularly distributed as shown in Figs. 2 and 3 which represent this stage in PMC. That this condition is the same in megaspore-mother-cells is indicated in Fig. 4 which was drawn from sectioned material. 2) Figs. 1, 2, 3, 6, 7, 8 , and 13 were drawn from acetocarmine preparations. Un less stated otherwise, the drawings in this paper were made at a magnification of 1700 diameters, and reduced in reproduction to that of 1500 diameters. Some chromosomes reach the poles of the spindle while others may lag midway.
The latter may form a third group after anaphase I. One, two or three chromosomes may be independent of the two or three large groups, and thus form one or more smaller groups. 
Shape of the spindle
The shape of the spindle may be the underlying factor which determines whether one, two or more groups are formed at anaphase I. Some spindles, although bipolar, are so short and broad, (Fig. 5 A) that it is easily understood how such distributions as 2-22, 1-23, and the limiting case, 0-24, may occur. In the last instance the result is equivalent to non-reduction.
A long, narrow PMC con tains a spindle which is longer and narrower than those which lie in more or less spherical cells. When the spindle is long, chromo somes which lag at the equatorial plate will form a third group more easily than when the spindle is relatively short.
In fact the spindle may be longer than the cell which contains it. It then assumes a curved, crescent-shaped position near the periphery of the cell as shown in Fig. 5D , E. Such cases are rare, however. Similar elongated spindles have been figured by Beadle (1930) and Beadle and McClintock (1928) in asynaptic maize. There were seen also a few spindles which showed splitting at one pole (Fig. 5F ). Splitting of univalents at meta phase I has been reported frequently in hybrids.
A tendency toward such behavior is reported in asynaptic maize (Beadle, 1930) . Such also was seen in 1927 in PMC of field-grown bd2 plants.
No repetition of such precocity, however, has been observed since then in either greenhouse or field-grown plants.
This may be the result of elimination by back-crossing to our standard Line 1 of modifying genes originally present in the race which carried the bd gene. were found in three counts of 100 PMC's each, made in . 1927. The somewhat arbitrary groupings were made by considering the re lative sizes of the microspores and microcytes.
There is no sharp line of demarcation, however, between a large microcyte and a small microspore. Belling and Blakeslee (1922, 1926) have shown this same sort of variation in the size and number of microspores and microcytes in both the triploid and the haploid.
Non-reduction
Each of the dyads, which are the result of non-reduction at metaphase I, contains 24 chromosomes.
Apparently the amount of non-reduction varies among different buds. In Table 2 there are given for different plants the percentages of PMC's which show non-reduction.
This varies from zero to eight per cent. In normal plants each PMC produces four microspores (pollen grains).
In bd2 plants an average of about six microspores and microcytes is produced by each PMC, as calculated from data in Tables 1, 5 and 6. These give respectively 5.30, 6.26 and 6.00 per PMC. Since each PMC which shows non-reduction produces only Fig. 8 .
In 1933 two similar counts of 235 and 265 PMC respectively were made. They showed 89 and 90 different kinds of distribution.
When the two counts were combined, however (500 PMC), there were only 111 kinds of distribu tion because of duplications. These are given in Table 3 , arranged accord ing to the number of groups of chro mosomes. In parentheses the frequency of each kind of distribution is given, 5 or more times being printed in bold face type.
Certain kinds of distribu two groups is of interest. There has been no pairing of homologous chromosomes at metaphase I, but the usual bipolar spindle has been formed.
In normal plants where there is both a bipolar spindle and pairing, a regular distribution of chromosomes results.
In these bd2 plants where there is a bipolar spindle but no pairing there is an irregular distribution, due apparently to the lack of pairing. The evident tendency to form two groups at anaphase I is apparently associated, therefore, with the bipolar spindle.
In this respect the present paper is confirmatory of a similar condition in the haploid (Belling and Blakeslee, 1926 tained in microcytes and will abort. Moreover, even a group of 12 or more chromosomes will not produce good pollen unless it contains at least one of each of the 12 chro mosomes, i. e., a complete genom.
Calculation of the genom probability
On the assumption that random distribution determines what chromo somes are included in any particular group, one may calculate the probability of there being a complete genom in the groups which contain 12 or more chromosomes. The groups with from 0 to n chromo somes would have the frequencies of the coeffi cients obtained by expan sion of the binomial (a+b)n These values, for the groups with from n/2 to n chromosomes, may be formulated as:
( 1) The number of chromosomes necessary for a genom is 2 and, using this expression in a formula for the numbers of combinations which contain a genom within each of these groups, we have:
(2)
The probability for the genom in each group is then the number of genom combinations divided by the number of total combinations for that group; that is, (2) divided by (1) group by group, or: (3) Formula (3) may then be simplified as:
Substitution of 24 for n, and solution for each group in the last formula (4) gives the probability values listed in Table 4 . Similar ly, solution by groups of (1) gives the values for total combinations, and of (2) for the genom-combinations shown in the same Table.  In Table 5 is given the frequency of distribution of chromo somes into groups of 12 or more chromosomes in the 200 PMC which were counted in 1931. Out of a total of 626 groups of one or more chromosomes there were 142 such groups. Calculations by the Table 4 . Combinations and genom-bearing combinations expected from random distribution of 24 chromosomes into two groups. Groups with from 12 through 24 chromosomes only are considered.
formulae just given were made of the probability of there being complete genoms in each of the classes 12 to 24 . For the 142 groups, this amounts to 26.58 (4.25%).
No 23 or 24 chromosomes groups were found in these counts of 1931 .
The 500 PMC's which were counted in 1933 were similarly studied, as shown in Table 6 . They contained 1507 groups of one or more chromosomes.
Of the 322 groups which contained 12 or more chromosomes, 43.12 (2 .86%) were calculated to have a complete genom.
The frequency of each class varies from bud to bud as is ap parent in both Tables 5 and 6 . This variation is consistent with the variation in the amount of non-reduction as shown in Tables 2  and 7 and with the amount of aborted pollen found in older flowers (Table 7) .
Pollen
Percentage of abortion Usually bd2 plants produce less than 5 per cent good pollen . In counts made on the pollen of 13 flowers from 6 plants the amounts of good pollen varied from 8 per cent to 2.2 per cent ( Table 7) . Grains that were normal in appearance were counted as "good"; those that were empty, shriveled, and much smaller than normal (together with the few grains that were not empty but with ob viously abnormal or degenerating contents) were counted as "bad ." Th e average of 95.6 per cent found from the count of more than 10,000 pollen grains may be somewhat lower than the actual per centage of bad pollen because "good" grains are always seen and counted, but these may hide some of the small empty "bad" grains; or two of the small grains may stick together and be counted as one .
Size variation of good grains
Samples of 50 "good" grains from a number of flowers were measured by means of a micrometer eye-piece, the scale unit being 31/3 micra.
Diameters of the grains, exclusive of the cell walls , were measured to the nearest half unit. Figs. 11 and 12 show the dis tribution of sizes for 100 grains from each of two plants . The measurement for 50 grains (1n) from a normal diploid , and for 50 grains (2n) from a tetraploid plant are superimposed with dotted and dashed lines respectively , in order to show the size ranges of these two sorts of pollen grains . From one-half to three-fourths of the good grains are 19 or more units in diameter , and so may be considered to fall within the size range of pollen from the tetraploid plant.
In general, as shown in the last column of Table 7 , the flowers which have relatively low percentages of bad pollen tend to have higher percentages of these large grains , while those flowers with higher percentages of bad pollen tend to have lower percent ages of the large grains.
The large grains have, presumably, 24 or nearly 24 chromosomes, and most of them may be accounted for by non-reduction, which occurs in from zero to eight per cent of the pollen-mother-cells (Table 2) . Grains with 23 chromosomes and a smaller part of the others with decreasing chromosome numbers are, probably, also "good."
Pollen grains with less than a genom apparently always abort. Those with a genom may carry one to three extra chromosomes and still be "good."
Such grains may be either larger or smaller than the In grains from normal diploid plants.
For this reason flowers from bd2 plants show a spread in the sizes of good pollen near the In size greater than that shown by pollen from normal diploids.
It is possible, since the unbalanc ing effect of extras is more or less specific for the chromosomes concerned, that certain combinations of a genom with four extra chromosomes may also result in grains that are counted as "good." However, many of the grains with more than 15 and fewer than 22 chromosomes are aborted, due, apparently, to their excessive internal unbalance.
Thus in the triploid (Blakeslee and Cartledge, 1926) , where all grains receive a genom, and the chromosome numbers vary from 12 to 24, we have 43.6 per cent aborted pollen, mainly due, it is believed, to unbalance in the grains with 15 to 22 chromosomes. The bimodal distribution of sizes of pollen grains from a bdu plant (Figs. 11 and 12 ) may then be interpreted as due to a group vary ing around the mean of In grains, and a group varying around the mean of 2n grains.
Thus the first group contains those grains with a genom and those with a genom and one to several extra chromo somes, and the second group contains pollen grains with 22 to 24 chromosomes.
When, due mainly to non-reduction, a greater pro portion of the grains are provided with 24 chromosomes, the size distribution is skewed as in Fig. 12 . Figs. 11 and 12 represent the extremes of the distribution types found.
In an attempt to fit the cytological data given in Tables 1, 2 , 5 and 6 to the data on percentages and sizes of good pollen grains ( was examined cytological ly. Fig. 13 shows that the same lack of pairing of homologous chromosomes, which is -characteristic of bd2 diploids is also charac teristic of the 2n+21.22 plant which is triplex for this gene.
The 25 chro mosomes are scattered throughout the cell.
Examination also was made of 2n+21.22 plants which were duplex for the bd gene (Bd bd2). Pollen mother-cells at metaphase I showed eleven bivalents plus a trivalent. This meiotic behavior is per 
Discussion
The gene bd is one of three recessive genes which have been reported in the literature as responsible for a lack of pairing of chromosomes at meiosis. In its effect upon the behavior of the chro -3* mosomes it seems to be the most extreme of the three, because no closed bivalents have ever been seen in Datura plants which are homozygous for this gene. In Nicotiana tabacum, Clausen (1931) has described a type called pale sterile in which there is consider able failure of conjugation although some bivalents are formed. Maize plants homozygous for the asynaptic gene described by Beadle (1930 and 1933 ) not infrequently show closed bivalents, the number of which is variable.
Of eight plants, three show at least one biva lent and one of these three shows at least five bivalents per PMC. At the other extreme of the series, one plant never showed more than two bivalents per PMC. Beadle believes that this variability in maize has a genetic basis.
In homozygous bd Daturas, however, the variability in the distribution of chromosomes at anaphase I and in the amount of non-reduction and the variability in the amount of pollen abortion are probably the result mainly of environmental fac tors. In Table 2 the amount of non-reduction was 8 and 4.4 per cent respectively for two flowers of the same plant.
In Table 7 the amount of pollen abortion varied from 8 to 2.2 per cent for two flowers of the same plant.
Homozygous bd Datura plants also are the most extreme in respect to the amount of female sterility brought about by these recessive genes. No viable seeds have been obtained by pollinating bd2 Datura plants with normal pollen. Asynaptic maize plants when pollinated by diploids gave less than ten per cent viable offspring. Pale sterile N. tabacum plants gave about the same number of func tional ovules. Summary 1. In Datura stramonium a recessive gene (bd) which is located in the 21.22 chromosome, is responsible for a complete lack of pairing of homologous chromosomes during the first meio tic division in both microsporocytes (pollen-mother-cells) and megasporocytes.
The 24 univalents may be scattered along the axis of the bipolar spindle.
This results in irregular distribu tion of chromosomes or even failure to form more than one group (non-reduction). 2. In shape, size and behavior, these univalent chromosomes are similar to the univalents of haploids. 3. The second meiotic division is normal and equational.
4. The tetrad stage is characterized by a varying number of micro spores and microcytes.
5. Dyads are the result of non-reduction which varies from zero to eight percent.
